Abstract
Introduction
With the continual and fascinating evolution of wireless and mobile networks, there are an increasing number of novel multimedia services being made available to the end user. Traditionally, voice traffic has been the mainstay of cellular systems but consistent with the increasing demand for high speed data services from mobile users, it is projected in a survey that by the year 2010 about 60% of mobile traffic will deal with multimedia [1] . Furthermore, the third generation (3G) cellular standards such as WCDMA (Wideband CDMA) and cdma2000 are being developed that will have the capability to support a wide variety of multimedia services with adaptive bandwidth requirements (variable transmission rate) [2] , e.g., video telephony, video conferencing, TV-quality video feeds and broadband Internet. In general, the services that will be provided by the 3G cellular system can be distinguished into four classes [3] : (a). conversational class; (b). streaming class; (c). interactive class and (d). background class. We can broadly group the above classes into two types of traffic: real-time (RT) and non-real-time (NRT) traffic [4] depending upon how delay sensitive the traffic is. The conversational and streaming classes are highly delay sensitive classes while the interactive and background classes have the least delay sensitivity. The 3G applications and services are also sometimes classified in increasing order of their bandwidth demand [5] (a). voice and audio; (b). wireless messaging; (c). switched data; (d). medium multimedia and (e). high multimedia. Specific examples of these services along with their expected capacity requirements are listed in Table 1 . As newer technologies such as EDGE (Enhanced Data rates for GSM Evolution), WCDMA and cdma2000 gain widespread deployment providing data rates of up to 2Mbps [6] , the volume of multimedia traffic in wireless networks is only expected to grow in the future. There are certain challenges involved for proper handling of non-voice traffic when transitioning from a voice-centric network [7] : (a) data traffic generally requires more channels or bandwidth units (BUs) than voice traffic but its service requirements are elastic and can be made adaptive; (b) a suitable priority scheme has to be implemented in order to distinguish the different classes of traffic and ensure fair bandwidth allocation while supporting minimum QoS requirements. To overcome these new challenges, a Call Admission Control (CAC) scheme plays a vital role in a wireless network for providing the necessary QoS guarantees for different classes of traffic while at the same time maintaining efficient bandwidth management in the system. In this paper, we propose a novel Dynamic Adaptive Resource Allocation (DARA) scheme which focuses on improved handling of multimedia services with flexible bandwidth requirements in wireless and mobile networks. Our work improves upon the scheme proposed in [8] by significantly lowering the bandwidth reallocation frequency that a call undergoes during its lifetime while at the same time improving QoS metrics like call blocking probability for originating calls. We also extend our work to handle higher priority handoff calls by a combination scheme of channel reservation exclusively for handoff calls and during high traffic load, allowing them to borrow bandwidth from ongoing originating calls.
The rest of the paper is organized as follows. We discuss related work addressing resource management issues for adaptive multimedia services in Section 2. Section 3 describes our proposed scheme, DARA, in detail along with the system and traffic models. In Section 4, we present the results of our simulation setup and Section 5 concludes the paper.
Related Work
Traditional bandwidth management schemes such as Complete Sharing (CS) and Fixed Partitioning (FP) schemes perform poorly when used to manage multimedia traffic. An insightful study of the CS and FP schemes in a multi-service cellular environment is conducted in [9] . The CS scheme exhibits unfairness because multimedia services which require less bandwidth monopolize the available resources in the system while starving the higher bandwidth services, especially true at high traffic loads. In contrast, the FP scheme offers comparable QoS performance for all the classes at the expense of lower system resource utilization. In [7] , a comprehensive comparison of CS, FP and Dynamic Partitioning (DP) schemes is carried out along with a proposed CS based Dual Threshold Bandwidth Reservation (DTBR) scheme. The drawback in the proposed DTBR scheme is that it is static and does not adaptively modify the bandwidth of ongoing multimedia calls to accept new calls. This results in high blocking probabilities for both originating and handoff calls.
In recent literature, numerous Flexible Resource Allocation (FRA) schemes for wireless and mobile networks have been proposed which take advantage of the adaptive bandwidth requirements of the newer multimedia services. A graceful bandwidth degradation strategy for both real-time and non-real-time multimedia traffic is presented in [10] . The degradation and call admission policy is governed by a cost function formulated on the overall traffic carried by the system and the proportion of degraded calls in the system. A dynamic adaptive resource allocation scheme proposed in [8] changes the bandwidth of both ongoing and incoming calls according to current system state. The scheme also introduces a dynamic prioritization system which ensures a fair share bandwidth allocation among the different classes of multimedia traffic. But in the above work, the users experience high QoS fluctuation because of frequent bandwidth reallocation during the lifetime of a call resulting in an unpleasant user experience. Also, handoff calls are not explicitly handled by this work. In our proposed scheme, DARA, we improve upon the work done in [8] by dramatically reducing the bandwidth reallocation frequency experienced by a call.
In [11] , two other schemes H1 and H2 (hereafter referred to as HMax and HMin), are proposed which always allocate the maximum and minimum number of resources respectively to incoming calls. Although these schemes are not FRA schemes in principle, they are considered as they represent the upper and lower performance bounds for any flexible bandwidth allocation scheme [12] .
System Model
We consider a wireless network with homogeneous cells, i.e., cells belonging to a single network experience identical arrival rates and service times for the different multimedia traffic classes. Our study is focused on a single cell with total channel capacity of N BUs serving K different classes of traffic. Each class of traffic comprises of both originating and handoff calls with similar bandwidth requirements. Before delving into the details of our proposed bandwidth allocation scheme, DARA, we define the system level parameters.
System Level Parameters

N :
Total number of channels (BUs) available in a single cell.
K :
Number of traffic classes. 
Dynamic Adaptive Resource Allocation (DARA) Scheme
In this section, we define the admission control and bandwidth allocation procedure in our DARA scheme. Depending upon the type of call (originating or handoff) and the class i of call, appropriate set of rules are processed. 
Originating Class i
Call Departure. If the departing call is an
originating call, the released bandwidth is distributed back to the current ongoing calls which are receiving degraded service; if excess bandwidth is still left over after upgrading all the calls (possible under low traffic conditions), it is added to the free bandwidth pool for originating calls. Upon handoff call departure, if bandwidth was allotted from the handoff pool h C when the handoff call arrived, the released bandwidth is returned back to the handoff pool h C . If bandwidth for the departing handoff call was obtained from the originating bandwidth pool or by degrading originating calls, the departing handoff call is treated as an originating call departure. The detailed steps for call departure handling are given in Algorithm III. 
Algorithm I. Originating Call Arrival Handling
QoS Metrics
In the performance evaluation of the DARA scheme, we take into account conventional QoS parameters such as the blocking probability of originating calls and the forced termination probability of handoff calls. In addition, we also introduce two new QoS metrics which reflect the overhead involved in implementing a dynamic adaptive resource allocation as opposed to traditional static schemes such as CS and FP.
(a) Average Degraded Bandwidth (ADB) -ADB is the average bandwidth held by a class i call in our scheme. This is an approximate measure of user satisfaction in our system because it indicates the level of degraded service that a user receives.
Bandwidth Reallocation Frequency (BRF) -It is defined as the number of times a call undergoes bandwidth reallocation during its lifetime. It reflects the average QoS fluctuation experienced by a user and it is also indicative of the amount of signaling required at the Base Station (BS) to change the bandwidth of ongoing calls.
Traffic Model
The arrival process of originating and handoff calls of class } ,... 
Simulation Results and Discussions
Numerical results from our simulation experiments are presented in this section. We have considered two classes ) 2 ( = K of multimedia traffic with handling for both originating and handoff calls. The results are compared with the FRA scheme in [8] along with the HMin and HMax strategies which serve as the upper and lower bounds for FRA strategies. The various simulation parameters are given in Table 2 . Figure 1 plots the blocking probabilities for calls belonging to class 1 traffic against the call arrival rate. The proposed DARA scheme offers much better performance than the scheme presented in [8] by having lower blocking probabilities over all the values of traffic load. The performance of HMax and HMin strategies is also shown and as expected, both DARA and the scheme proposed in [8] offer performance in between these upper and lower bounds. In addition, DARA scheme provides better QoS guarantees for the higher priority handoff calls as can be seen by the DARA_HO plot in the graph. Since a detailed handoff call handling procedure is not provided in [8] , we do not simulate handoff calls for that scheme. The blocking probabilities for calls belonging to class 2 traffic are depicted in Figure 2 and they also follow a similar trend as the calls belonging to class 1 traffic in Figure  1 . As Figure 3 shows, the proposed scheme DARA significantly reduces the average Bandwidth Reallocation Frequency (BRF) experienced by a call when compared to the scheme presented in [8] . This reduction in BRF translates to a higher user satisfaction due to the reduced QoS fluctuation. The reason for the low value of BRF can be attributed to the fact that ∆ in [8] . As a result, fewer calls are subjected to the upgrade/degrade procedure in DARA than in the compared scheme to redistribute/borrow the same number of BUs. In Figure 4 , the Average Degraded Bandwidth (ADB) for calls belonging to class 2 traffic is shown against the call arrival rate. From the plot it is clear that both DARA and the compared scheme [8] perform a graceful degradation of the ADB from 
Conclusions
In this paper, we have described a dynamic resource management system, DARA, which is ideally suited for handling multimedia traffic in wireless and mobile networks. By introducing a dynamic bandwidth borrow unit, we significantly reduce the QoS fluctuation that a user is subjected to when compared to other FRA schemes. The proposed DARA scheme provides better system resource utilization by allowing incoming calls to borrow bandwidth from ongoing calls at heavy traffic loads. Through extensive simulation results, it is demonstrated that the proposed system improves QoS parameters such as call blocking probabili-
